A mating scheme is proposed for estimating double reduction coefficient and genetic parameters in an additive-dominance model for autotetraploids. The scheme uses three parents in two 4X-2X and four 4X-4X matings. The parents are a homozygous tetraploid (AAAA), a diploid hybrid (Aa) and its tetraploid (AAaa). The usefulness of the scheme is compared with the one proposed by Tai (1982).
INTRODUCTION
A METHOD was proposed by Tai (1982) for estimating double reduction and genetic parameters in an additive-dominance model for autotetraploids. It used a diploid hybrid Aa and its tetraploid in a series of seven crosses. The diploid hybrid produces 2n unreduced gametes by either first or second division restitution during meiosis. There are three types of crosses involved in the mating design, i.e., diploid >< diploid (2X-2X), diploid x tetraploid (2X-4X) and tetraploidxtetraploid (4X-4X). The use of 2X-2X cross in the mating system requires that the gametic output in 2n pollen is the same as that in 2n eggs. Experimental work in potato (Mendiburu and Peloquin 1971) indicates that there is no difficulty in obtaining 4X progenies from 2X-2X matings. Most cytogenetic and genetic studies on 2n gametes (e.g., Bingham, 1968; Mok and Peloquin, 1975a, b; Ramanna, 1979) tend to concentrate on 2n pollen and its usefulness in plant breeding. No evidence is available to indicate whether the mechanisms of 2n pollen and egg production are identical in a diploid individual. Bias would be introduced into Tai's estimates of various parameters if the mechanism of 2n gamete production is somewhat different between male and female gametophytes.
The purpose of the present paper is to propose an alternative mating scheme for estimating the double reduction coefficient and genetic parameters of autotetraploids. It uses a homozygous tetraploid, a diploid hybrid and its tetraploid in a mating scheme involving six crosses. Only two types of crosses, i.e., 4X-2X and 4X-4X, are used in the system. The diploid parent can be solely used as male or female parent in the crosses. The problem of having identical gametic output in 2n pollen and egg is thus avoided.
2. MATING SCHEME The mating scheme involves three parents: a diploid hybrid (Aa), its tetraploid (AAaa or A2a2) and a homozygous tetraploid (AAAA or A4). 
4XX4X
A4x (A4xA2a2) B3 (23) It is noted that the diploid parent (Aa) can be restricted as male ( or female) parent in the two 4X-2X crosses if required. It produces 2n pollen by first (FDR) and/or second (SDR) division restitution during meiosis. The method of estimation using the FDR diploid parent will be described in the following section.
METHOD OF ESTIMATION
The additive-dominance model (Mather and Jinks, 1971 ) defines the five possible tetraploid genotypes as having different mean phenotypic deviations from m, the mid-homozygote value, as follows: A4, d; A3a, h3; A2a2, h2; Aa3, h1; and a4, -d. The expected mean of a cross can then be expressed as
Mean=m +c1d+c2h3+c3h2+c4h1
where the c's are coefficients associated with the genetic parameters d, h3, h2 and h1 in a cross. To determine the sizes of the c's we need to know the gametic output of the five tetraploid and FDR diploid (Aa) genotypes.
Let a be the frequency of double reduction in the tetraploid (Fisher and Mather, 1943) and 13 that of single exchange tetrads in the diploid (Mendiburu and Peloquin, 1979; Tai, 1982) . Also denote u1 = (2+a)/4, U2 (1 -a)!2, u3 = a!4, u4 (1 +2a)/6, u (2-2a)/3, Vj =3/4 and v2 = (2 -13)12. The gametic frequencies of five tetraploids and the FDR diploid can be expressed in terms of the u's and v's as shown in table 1. Using the information in table 1, the c coefficients in the expected means of P2, P3 and six crosses in the mating scheme are given in table 2. (13) is given as follows:
(a) The cross A4 xAa produces the progenies A4, A3a, A2a2, Aa3 and a4 with frequencies v1, v2, v1, 0 and 0, respectively.
(b) The relative frequencies of AA, Aa and aa gametes produced by genotypes A4, A3a and A2a2 are, respectively, 1:0:0; u1 : U2:
and u4: u5 : u4 (table 1) .
(c) Backcrossing the progenies A4, A3a and A2a2 to P3(A4) produces the progenies A4, A3a and A2a2 with relative frequencies: Vi :0 :0; u1v2: u2v2: u3v2; and u4v1 : u5v1 : respectively. (d) The frequencies of A4, A3a and A2a2 progenies in the cross A4 X (A4 xAa), i.e., B3(13), are consequently v1 + u1v2+ u4v1, u2v2+ u5vi and u3v2+u4v1, respectively. (e) The expected mean of B3 (13) is then B3(13) = m +(v1 + u1v2 + u4v1)d +(u2v2 + u5v 1)h3 +(u3v2 + u4v1)h2.
The following results can be obtained from table 2:
where y =(2+4a -33)/12= u4-v1 =(v2-u5)/2. Thus, =l-(y/yi) and9=y2/y3. B3 (23) Also let C be the matrix of c coefficients as given in table 2. We have
where C' is the transpose of C. The estimates of genetic parameters can then be used in a joint scaling test for goodness of fit of the additive-dominance model (Mather and Jinks, 1971) . The x2 statistic has one degree of freedom since seven parameters (i.e., m, a, j3, d, h3, h2 and h1) are fitted out of eight observed means.
Discusszo
The mating scheme of Tai (1982) uses a diploid hybrid (Aa) and its tetraploid (A2a2) as parents. It does not need a homozygous tetraploid parent as required in the present system. It thus has advantages for investigating an asexually propagated species such as the potato since the available tetraploid clones are usually heterozygous. The present system, while requiring additional time and effort to self heterozygous tetraploids for parental material, is more reliable for use when no assurance can be given that the mechanisms of 2n sporogenesis in male and female gametophytes are the same in a diploid parent.
A faster way to obtain homozygous materials would be at the diploid rather than at the tetraploid level. Thus, an haploid population can be created at first from heterozygous tetraploid clones. Continuous selfing followed by chromosome doubling would give materials to start a mating scheme. The mating scheme proposed here uses the minimum number of crosses required for estimating the various parameters. Precision of estimation can be increased when more generations are involved in the mating design.
For example, the backcross generations Bl(12), B2(12), Bl(22) and B2(22) which are used in the mating scheme of Tai (1982) can be added to the present system.
The method of estimation is illustrated by using a FDR diploid parent.
As indicated by Tai (1982) , the same principle applies when a diploid parent produces 2n gametes by SDR or a mixture of FDR and SDR.
